During the past three decades, behavioral practitioners have been applying techniques to improve the performance of athletes. To what extent are interventions, designed to improve the directly and reliably measured performance of athletes in competitions, based on experimental demonstrations of efficacy? That is the question addressed by this review. All issues of three behavioral journals and seven sport psychology journals, from 1972 through 2002, were examined for articles that addressed the above question. Fifteen articles were found that met the inclusion criteria, yielding an average of only one published study every 2 years. This article reviews those articles, discusses reasons for the dearth of research in this area, and makes recommendations for much needed future research.
sion (Division 47) of the American Psychological Association, a certification process for the designation of certified sport psychology consultant (AAASP passes certification criteria, 1990) , and a number of graduate training programs in applied sport psychology (Sachs, Burke, & Butcher, 1995) . As a consequence of these developments, an increasing number of practitioners are applying interventions to attempt to improve the performance of athletes in competitions. At the 1996 Olympic Games in Atlanta, for example, more than 20 practitioners provided sport psychology services for the American team alone ("Role of Psychology," 1996) . As another example, in 1999, 53% of the athletic departments at NCAA Division I universities used some form of sport psychology consulting (Voight & Callaghan, 2001 ). Currently, practitioners use numerous interventions and techniques intended to enhance the performance of athletes during competitions (Martin, 2003; Weinberg & Gould, 2003; Williams, 2001) . To what extent are such interventions based on experimental demonstrations of efficacy? That is the question addressed by this review.
A cursory examination of sport psychology journals reveals many studies that assessed the effects of interventions on the behavior of student volunteers, rather than athletes, and/or that used contrived settings and tasks, or mock competitions. A number of studies have also demonstrated the efficacy of various behavioral interventions for improving practice performance of athletes (Martin & Tkachuk, 2000) . Although such studies can provide information that practitioners can draw on in the design of interventions to improve performance of "real" athletes in "real" competitions, we will have maximum confidence in the efficacy of such interventions when that efficacy has been experimentally demonstrated. As expressed by Greenspan and Feltz (1989) , "Practioners who utilize results from studies conducted in laboratories, or studies employing contrived settings, tasks, or dependent variables, rely on generalizations for which adequate validity has not been established" (p. 219). As described by Martin (2003) , competition settings typically differ from practice settings in terms of one or more of seven categories of stimuli: the physical environment, the behavior of coaches, the behavior of other athletes, cues from the autonomic arousal of the athlete, proprioceptive cues from the muscles of the athlete, the athlete's imagery, and the athlete's self-talk. Differences in any of these cues can interfere with generalization from practices to competitions. Other researchers have questioned the generalizability of findings from nonathletes to athletes (Owen & Lee, 1987) , from amateur athletes to elite athletes (Kirchenbaum, Ordman, Tomarken, & Holtzbauer, 1982) , and from one type of sport task to a different type of sport task (Greenspan & Feltz, 1989) . For all of these reasons, we sought to examine the current state of published experimental studies of the effects of psychological interventions on the directly and reliably measured behavior of athletes in competitions.
In 1989, Greenspan and Feltz published a review of psychological interventions with athletes in competitions. Although they reviewed 19 published studies that met their inclusion criteria, they included case reports (e.g., Nideffer & Deckner, 1970) and studies that only assessed the dependent measures in mock competitions (e.g., Weinberg, Seabourne, & Jackson, 1981) . Our purpose was to reanalyze the 19 studies reviewed by Greenspan and Feltz that met our inclusion criteria, and to review all subsequent experimental studies of psychological interventions with athletes in competitions, using criteria commonly accepted by behavioral researchers for experimentally evaluating interventions.
emotional behavior of athletes but did not include a measure of athletic skills were excluded. For example, Brunelle, Janelle, and Tennant (1999) studied the effects of various interventions on anger behavior of soccer players during a soccer season. However, soccerplaying performance of the players was not assessed.
Third, studies were included only if the athletic performance was directly measured. Questionnaire studies (e.g., Highlen & Bennett, 1979; Orlick & Partington, 1988) were not considered. We were interested in research that experimentally examined the impact of interventions on what competitive athletes could do, not on what they had to say about their performance. We had initially planned to include studies only if the measurement of the dependent variable met commonly accepted standards of interobserver reliability assessment of the dependent variable between 80% and 100% (Kazdin, 1994) . In their editorial article in the first edition of the Journal of Applied Behavior Analysis, Baer, Wolf, and Risley (1968) identified explicit measurement of the reliability of observations of the dependent variable as a prime criterion for behavioral research. However, because so few studies met that criterion, we also included studies in which the dependent variable was a game statistic on an objective outcome measure, such as percent of free throws made in basketball. We also included subjective evaluations of sport performance provided that the scores represented the average of a minimum of two observers' who were blind to experimental conditions, such as the average scores obtained by gymnasts at gymnastic meets.
Fourth, the study had to be an experimental evaluation of an intervention that used either an appropriate single-subject design (Bryan, 1987; Hrycaiko & Martin, 1996) or an acceptable groups research design (e.g., at a minimum, a simple control-group design with random assignment of participants to treatment and control groups). Case histories and quasi-experimental designs were not included. For example, Heyman (1987) had planned to use an ABAB design to evaluate the effects of hypnosis for improving the performance of an amateur boxer, but practical considerations prevented him from doing so, and the design essentially became a case history. Therefore, that article was not included. As another example, Hanton and Jones (1999) examined the effects of a multimodal intervention on debilitating anxiety in a multiple-baseline design across three competitive swimmers. Concerning swimming performance, they compared the best performance time of each swimmer achieved at the end of the study with his or her previous best time preintervention. Therefore, with respect to swimming performance, this study was essentially three case histories, and it was not included. As another example, Harle and Vickers (2001) taught basketball players to follow a three-step preshot routine when taking free throws. The dependent variable was the team's average free-throw performance during each of the two seasons. This was compared to the seasonal free-throw shooting percentage of two post hoc selected basketball teams following the conclusion of two seasons. Across the two seasons, the experimental team averaged 65.4% and the two control teams averaged 67.3%. However, all three teams had some of the same players and some new players in the second season as compared to the first season, players were not randomly assigned to experimental and control groups, and there were a number of uncontrolled variables. Therefore, that study was not included. Also, observational studies of athletic behavior in competitions, without an experimental evaluation of an intervention (e.g., Mace, Lalli, Shea, & Nevin, 1992; Vollmer & Bourret, 2000) , were not included. In addition, correlational studies of personality variables (such as state vs. trait anxiety) and performance (e.g., Jerome & Williams, 2000) were not included.
All of the studies reviewed by Greenspan and Feltz (1989) were assessed against the above criteria. Also, from 1972 through 2002, every issue in three behavioral journals and seven sport journals was examined for articles that met the above criteria. 
REVIEW
Only 15 studies were encountered that met the inclusion criteria. Studies using a single-subject design are summarized in Table 1 , and studies using a groups design are summarized in Table 2 .
PARTICIPANT CHARACTERISTICS
The number of participants in the studies ranged from 3 to 133. Ten of the articles studied males and five studied females. Eight of the articles studied college athletes, two studied youth athletes, two studied high school athletes, two studied adults from recreational bowling leagues, and one studied recreational tennis players. As described later, two studies examined interactions between the skill level of the athletes and the intervention.
Surprisingly, no studies were found that met the inclusion criteria with national-level, international-level, or professional athletes as participants. It was also surprising that only four reports (Komaki & Barnett, 1977; Lanning & Hisanaga, 1983; Lee & Hewitt, 1987; Rogerson & Hrycaiko, 2002 ) studied athletes younger than 18 years of age.
TYPES OF SPORTS AND SPORT SKILLS
Six of the studies focused on basketball, two on football, two on bowling, one on volleyball, one on lacrosse, one on tennis, one on ice hockey, and one on gymnastics. Regarding individual versus team skills, four focused on individual sports, eight focused on individual skills (e.g., free-throw performance in basketball, tackling in football, etc.) within team sports, and three (De Witt, 1980; Komaki & Barnett, 1977; Weinberg, Stitcher, & Richardson, 1994) focused on team behaviors within team sports (behaviors that involved two or more players for correct execution).
DEPENDENT VARIABLE CHARACTERISTICS
Only four of the studies met the strict standard of acceptable interobserver reliability (IOR) assessments of the dependent variable described previously. Komaki and Barnett (1977) reported acceptable IORs for observers who directly monitored the dependent variable as it occurred. Rogerson and Hrycaiko (2002) used a game statistic but also assessed the IOR of that statistic and found it to be acceptable. Kendall, Hrycaiko, Martin, and Kendall (1990) reported acceptable IORs with observers who took the data from videotapes of basketball games, and Ward and Carnes (2002) reported acceptable IORs for observers who took the data from videotapes of football practices and games. Six of the remaining studies used game statistics as their dependent variable. Two of these studies used free-throw shooting and one used field-goal shooting in basketball, one used serve percentage in volleyball, and one used average weekly game scores in bowling. Although interobserver reliability scores were not provided on these dependent measures, it was assumed that their reliability was likely very high as a function of the objectivity of the outcome measures that were used. The sixth study that used game statistics (Weinberg et al., 1994) reported that a lacrosse expert reviewed videotapes of games and recorded statistics related to groundballs (offensive and defensive), offensive assists, and defensive clears. Although no interobserver reliability scores were reported, the fact that the recorder was blind to experimental conditions, combined with the objective nature of the measures recorded, provided some assurance of reliability of the dependent measures.
Two studies used observers to record behaviors but did not report formal interobserver reliability assessments. Noel (1980) had observers record the percentage of good first and second serves in tennis, as well as the ratio of winning shots to winners plus errors during the first set. Noel stated, "A random spot check of this scoring assured the author that the observers were using consistent criteria" (p. 223). Swain and Jones (1995) studied offensive rebounds, defensive rebounds, steals, and turnovers. They reported that the experimenter took the data from videotapes of games and played tapes repeatedly to ensure reliability of observations. Although no formal interobserver reliability assessments were reported, the authors stated, "The reliability of the evaluation was checked at random by the captain and the coach of the basketball squad who viewed cross sections of the matches to ensure that correct and consistent interpretations of the scoring criteria had been made" (p. 55).
One study used self-monitoring of game statistics by participants, and did not assess reliability of the dependent variables. Specifically, Hill and Borden (1995) had bowlers submit a written report of the total number of pins knocked down by the first ball of each frame in each game and the total game scores.
Two studies used performance ratings as the dependent variable. De Witt (1980) had two team managers, who were blind to the intervention, rate the game performance of basketball players in terms of overall level of performance, consistency, effort, errors, and execution. The dependent variable was the mean of six such ratings. Lee and Hewitt (1987) used as their dependent variable the average gymnastics scores given by judges on three state qualifying meets.
INTERVENTION CHARACTERISTICS
Seven studies used imagery rehearsal of skills, in one study by itself (Savoy & Beitel, 1996) , and in five studies in combination with relaxation and self-instruction (Hamilton & Fremouw, 1985; Kendall et al., 1990; Lee & Hewitt, 1987; Noel, 1980; Rogerson & Hrycaiko, 2002) . Templin and Vernacchia (1995) combined imagery with observation of highlight music videotapes. A highlight videotape was made showing a basketball player performing well, and music was added to the tape. Players practiced watching the tape during the 4 days preceding the game in which treatment was to begin. Next, they were instructed to watch the tape on a daily basis before or after practice and from 1 to 3 hours prior to games on game days. Players were instructed, while watching the video, to first relax, then, while viewing the videotape, to imagine themselves performing in the video and to feel as if they were inside the person on the tape playing in the game.
One study (Lanning & Hisanaga, 1983) used relaxation alone, one study used goal-setting alone (Weinberg et al., 1994) , and two used goal-setting plus feedback (Swain & Jones, 1995; Ward & Carnes, 2002) . One study used self-monitoring and instruction (Kirchenbaum et al., 1982) ; one used a self-instructional attentional cueing script (Hill & Borden, 1995) ; one used biofeedback, imagery rehearsal, and cognitive restructuring (De Witt, 1980) ; and one used prompting feedback from a checklist, immediate coach feedback during practices, and delayed feedback after games (Komaki & Barnett, 1977) .
Only two of the studies compared the efficacy of different types of interventions. Kirchenbaum et al. (1982) , in their study of female league bowlers, found that the positive self-monitoring plus instructions group was significantly more effective than the other three groups (negative self-monitoring plus instructions, instructions only, and no treatment controls), none of which were significantly different from each other. Lee and Hewitt (1987) , in their study of young female gymnasts, found that performance scores were higher when participants practiced imagery rehearsal of skills in a flotation tank, as compared to practicing imagery rehearsal while on a mat.
PROCEDURAL RELIABILITY OR TREATMENT INTEGRITY
A procedural reliability assessment ensures that an intervention was applied as intended. In a formal procedural reliability assessment, two observers independently evaluate whether specific components of an intervention were applied as described by the experimenter. A procedural reliability score can then be computed to provide a measure of procedural reliability. None of the studies reported a formal procedural reliability assessment.
A treatment integrity check is also a strategy to ensure that an intervention was applied and experienced as intended; however, a treatment integrity check typically does not include a formal reliability assessment of the application of the specific components of an intervention. Across the 15 studies, all but 3 (Komaki & Barnett, 1977; Lanning & Hisanaga, 1983; Lee & Hewitt, 1987) included at least a partial treatment integrity check. Hamilton and Fremouw (1985) and Rogerson and Hrycaiko (2002) used a combination of relaxation and self-instruction. In the Hamilton and Fremouw study, basketball players were helped to use positive statements and self-instruction and to decrease negative and interfering statements at the time of conducting free throws. As a treatment integrity check, participants reconstructed their thoughts while watching videotapes of themselves shooting free throws during games, and raters rated the extent to which the coded thoughts included positive statements, negative statements, and interfering statements. Raters agreed on 54 of 59 statements. Rogerson and Hrycaiko instructed goalies in ice hockey to use deep center breathing and self-talk during games. After every game, the goalies completed an assessment form in which they indicated whether they used selftalk and centering during each period, and which types of self-talk were employed. Kendall et al. (1990) and Savoy and Beitel (1996) used imagery rehearsal to improve a defensive skill and free-throw shooting, respectively, in basketball. Athletes in both studies were requested to keep logs of their imagery sessions and to return them to the experimenters. Weinberg et al. (1994) investigated the effects of goal-setting on lacrosse performance. As a treatment integrity check, participants were administered questionnaires preseason, midseason, and postseason to assess, on individual scales, goal commitment, realistic nature of the goals, goal difficulty, goal acceptance, and how hard the players tried. Parallel questions were asked of the "do your best" control group.
In the study by Kirchenbaum et al. (1982) , participants were given a detailed checklist to help them monitor desirable components for effectively throwing a bowling ball (positive self-monitoring group) or a checklist to monitor errors in throwing techniques (negative selfmonitoring group). Ninety-three percent of their self-monitoring sheets were returned on a weekly basis. Participants in the instructiononly condition and the control condition did not receive a treatment integrity evaluation. In the study by Hill and Borden (1995) , participants were given scripts with a series of cues designed to improve bowling performance. To assess adherence to use of the script, the treatment group was asked, in each posttest session, to self-report the percentage of time they used the script while bowling. On average, the scripts were reportedly used approximately 53% of the time. Swain and Jones (1995) investigated the effects of goal-setting and feedback on the performance of basketball players. Each player set a numerical goal for the desired frequency of a particular basketball skill. One set a goal for offensive rebounds, one set a goal for defensive rebounds, one set a goal for steals, and one set a goal for turnovers. The treatment integrity check included two components: (a) Participants were instructed, prior to each game, to think about the numerical goal they had set for their particular targeted area of performance, and to focus on striving for that target throughout the game; (b) participants were also informed verbally after each game of the precise achieved frequency of the relevant component. Ward and Carnes (2002) investigated the effects of goal-setting and feedback on the performance of linebackers in football. Only the investigators were aware of the goals set by the linebackers. However, each day, on a chart posted on the wall of the locker room beside the door that led to the field, a "Y" (i.e., yes) was placed next to a player's name if the player met his goal from the previous practice, and an "N" (i.e., no) was placed next to his name if he or she did not meet the goal from the previous practice.
Templin and Vernacchia (1995) conducted a treatment integrity check during the first 4 days, in which a basketball player viewed a highlight videotape and imagined himself performing well. Each day after watching the videotape, players rated the vividness of their imagery on a scale of 1 to 10, with 10 being very realistic. However, no information was provided on the actual ratings given by the basketball players. Noel (1980) investigated the effects of relaxation and imagery rehearsal to improve performance of tennis players. A degree of treatment integrity was achieved by requiring each participant to complete a practice record form on which he or she indicated his or her times for practicing imagery and the degree of relaxation achieved. De Witt (1980) investigated EMG feedback to achieve relaxation, imagery rehearsal, and cognitive restructuring to improve the performance of football players. Although the biofeedback training provided a clear indication of each participant's arousal level, no treatment integrity checks assessed the clarity or content of the images during imagery rehearsal nor the degree to which cognitive techniques were used.
RESEARCH DESIGN CHARACTERISTICS
Seven of the 15 studies used single-subject designs (see Table 1 ). Of those, four used a multiple-baseline design across participants and two used a multiple-baseline design across behaviors. Swain and Jones (1995) described their design as a multiple-baseline design across participants. In our view, however, it is more appropriately described as a modified multielement design. For each of four basketball players, four elements (offensive rebounds, defensive rebounds, steals, and turnovers) were monitored during games. Following baseline, each participant set a game goal for one of the four elements and received feedback on that element after games. For each participant, the three nontargeted elements continued to be monitored. Each player picked a different target behavior from among the four options. However, the intervention was introduced to all four players at the same time. Thus, the design did not meet the characteristics of a multiple-baseline design across participants.
Eight of the 15 studies used groups designs (see Table 2 ). One study (Savoy & Beitel, 1996) used an AB 1 AB 2 AB 3 within-group design. During all of the A phases, the average free-throw shooting performance of the 10 members of a women's college basketball team was monitored during games. The B 1 phase involved imagery rehearsal away from the gymnasium. The B 2 phase incorporated imagery rehearsal at practices. The B 3 phase included imagery rehearsal at practices along with a practice simulation (added distractions when practicing foul shooting). During each of the intervention phases, the average foul shooting performance of the team was determined for games. The average team performance during an intervention phase was evaluated for statistical significance by comparing that average to the average team performance during the preceding baseline phase. Of the other seven groups designs, one was a matched-groups factorial design (Kirchenbaum et al., 1982) , and six were simple controlgroup designs.
ASSESSMENT OF GENERALIZATION OF ATHLETIC PERFORMANCE FROM PRACTICES TO COMPETITIONS
Thirteen of the 15 studies assessed athletic performance only at competitions. In these studies, athletes were taught various mental skills (imagery, self-talk, etc.) in structured sessions in the hope that such mental skills would improve the performance of sport skills at competitions. The use of treatment integrity measures to assess the extent to which the mental skills that were learned were actually used at competitions could be conceptualized as an assessment of generalization of those mental skills. However, such measures do not provide an assessment of generalization of sport performance from practices to competitions.
Only two studies directly intervened on athletic performance at practices, measured athletic performance at practices, and measured whether improvements in athletic performance generalized to competitions. Komaki and Barnett (1977) intervened at practices to improve the play execution of the offensive backfield on a youth football team. At practices, the intervention included coach modeling of the desired movements of the players, walking through the plays prior to executing them, feedback on a checklist detailing play execution immediately after each play was executed, and immediate approval or correction from the coach. During game situations, modeling and walkouts did not occur, and feedback and recognition were given during the first practice session following the game. As a result of the intervention, performance improved approximately equally at practices and during games. Ward and Carnes (2002) also intervened at practices to improve the play of football players-in this case, linebackers of a Division II football team. The intervention at practices included goalsetting and posted feedback. Nothing was deliberately done to improve game performance. As a result of the intervention, performance improved approximately equally at practices and during games.
ASSESSMENT OF NONTARGETED PERFORMANCE AREAS AND FOLLOW-UP
Four of the studies examined the effects of interventions on nontargeted performance areas. As described in the previous section, Komaki and Barnett (1977) studied the effects of their intervention on the play execution of the offensive backfield on a youth football team. The intervention was introduced in a multiple-baseline design across three plays. The performance of a play improved only when the intervention was applied to it. Swain and Jones (1995) intervened on one of four basketball skills (offensive rebounds, defensive rebounds, steals, and turnovers) for each of four players, with the intervention occurring for a different skill for each player. They continued to monitor the three behaviors that were not targeted for intervention. When the intervention was applied to the target behavior for each participant, there were no apparent changes in the frequency of the nontargeted behaviors. Ward and Carnes (2002) , in a multiple-baseline design across behaviors, intervened sequentially on three defensive skills of linebackers in football: "reads" (correct positioning to cover for a pass or a run), "drops" (moving to the correct position described in the play book in response to the positioning of the offense), and tackles. When the intervention was applied to one of the target behaviors for a participant, there were no apparent changes in the frequency of the other target behaviors. Noel (1980) asked tennis players to practice relaxation exercises and, while relaxed, to visualize themselves arriving at the tennis match site, warming up, and practicing good serves. During competitions, observers monitored the percentage of good first and second serves, and they charted the ratio of winning shots to winners plus errors during the first set. Results indicated a positive effect on first serves for the high-ability group and a negative effect for the low-ability group. There were no significant effects on the winners to winners plus errors ratio with either group.
A follow-up typically involves the assessment of performance after an intervention has been withdrawn. Only two studies assessed followup, and that to a limited degree. In the AB 1 AB 2 AB 3 design applied by Savoy and Beitel (1996) , the second A phase served as a follow-up for the B 1 intervention, and the third A phase served as a follow-up for the B 2 intervention. During the second A phase, performance decreased to a lower level than during B 1 , but performance did not decrease to the original baseline level of the initial A phase. During the third A phase, following B 2 intervention, performance decreased to approximately the same level as during the initial baseline in the first A phase. Thus, overall, successful follow-up was not demonstrated.
In the study by Lanning and Hisanaga (1983) , in which relaxation training was examined for its effect on the serving percentage during games of high school volleyball players, a 2-week follow-up assessment was conducted. During the follow-up assessment, both the experimental group and the control group performed at lower levels than during the pretest conducted prior to the study, although the treatment group continued to perform significantly better than the control group.
SIZE OF EFFECT
A summary of the effects of the various treatments can be found in Tables 1 and 2 . Five of the seven studies that used single-subject designs reported sizeable improvements as a result of the interventions, with mean improvement of treatment over baseline ranging from 29% (Kendall et al., 1990 ) to 73% (Hamilton & Fremouw, 1995) . Of the remaining two studies, Rogerson and Hrycaiko (2002) reported small effects, and Templin and Vernacchia (1995) , as discussed later, did not observe an improvement in performance of participants. In four of the seven single-subject studies, all of the participants improved. In the study by Komaki and Barnett (1977) , the authors reported that all individuals improved, but individual data were not provided. In the study by Swain and Jones (1995) , which showed positive effects, 3 of the 4 participants showed clear effects of treatment.
In the study by Templin and Vernacchia (1995) , the authors reported, "There was strong evidence in three of the five players that the treatment was beneficial" (p. 47). However, in our view, visual inspection of the single-subject graphs did not indicate a treatment effect for any of the participants. To obtain an independent judgment of treatment effects, eight 4th-year honors students in a course on applied behavior analysis at the University of Manitoba were shown Figure 1 from Templin and Vernacchia and were asked, Considering the criteria described by Martin and Pear (2003) for judging whether a treatment had an effect on a dependent variable (namely, the number of successful replications of a treatment effect within and across participants, overlapping data points between adjacent phases, size of the effect, and immediacy of the effect), please indicate whether or not you believe that there was a treatment effect for each participant.
Six of the eight students judged that there was no treatment effect for any of the participants, one student judged a treatment effect for 1 participant, and one student judged that there was a treatment effect for 3 participants.
All eight of the groups studies reported higher mean performance in at least one of the treatment groups than in the control group (see Table 2 ). However, none of the studies reported the number of participants in the treatment groups that actually showed the treatment effects. Weinberg et al. (1994) reported an improvement in the goalsetting group over the control group on all four dependent measures of lacrosse performance, with a mean improvement across all measures of 80%. However, perhaps because of the small sample size, this difference was not significant. In the Lanning and Hisanaga (1983) study, the treatment group showed a 17% improvement over the control group in volleyball serving percentage immediately following the intervention. In the Kirchenbaum et al. (1982) study, although the mean postintervention bowling average per week for the self-monitoring group was only 4% higher than the mean postintervention bowling average per week for the no-treatment control group, that difference was statistically significant.
With their AB 1 AB 2 AB 3 design, Savoy and Beitel (1996) reported that the B 1 intervention was statistically significant in comparison to the first A phase, but the B 2 intervention was not significantly more effective than the second A phase, and the B 3 intervention was not significantly more effective than the third A phase. Mean performance across all three intervention phases showed a 16% improvement over the mean performance during all three baseline phases.
Overall, it seems fair to say that 9 of the 15 studies demonstrated a substantial positive effect, 5 studies (Lanning & Hisanaga, 1983; Lee & Hewitt, 1987; Rogerson & Hrycaiko, 2002; Savoy & Beitel, 1996; Weinberg et al., 1994) showed a small to moderate positive effect, and 1 study (Templin & Vernacchia, 1995) did not show a treatment effect.
INTERVENTION EFFECTS AND SKILL LEVEL OF ATHLETES
Two studies assessed interventions on athletes with different skill levels. Noel (1980) investigated the effects of relaxation and imagery rehearsal of practicing the tennis serve on percentage of good first and second serves in tennis, as well as the ratio of winning shots to winners plus errors during the first set. The intervention had a positive effect on first serves of the high-ability group and a negative effect on the low-ability group. Kirchenbaum et al. (1982) found essentially the opposite effect for the interventions that they examined with bowlers.
They found that positive self-monitoring of seven components of effective bowling that were performed correctly had a significant positive effect on the low-skilled group but had no effect on the highskilled group. Negative self-monitoring (monitoring the components performed incorrectly) did not significantly affect either group.
SOCIAL VALIDITY
In 1983, Martin and Hrycaiko called on researchers in sport psychology to seek answers to three questions about their interventions: (a) What do the athletes (and perhaps the coach and parents) think about the goals of the intervention? (b) What do they think about the procedures that were applied? and (c) What do they think about the results produced by those procedures? Kazdin (1977) and Wolf (1978) had previously described a number of strategies to help researchers formally address such questions. Only three of the nine studies (Kendall et al., 1990; Rogerson & Hrycaiko, 2002; Swain & Jones, 1995) conducted a formal social validity evaluation with participants, and the results indicated positive reactions to all three of the above questions. Comments in the discussion sections of five other studies (De Witt, 1980; Komaki & Barnett, 1977; Noel, 1980; Templin & Vernacchia, 1995; Weinberg et al., 1994) suggest that an informal sampling of the views of the athletes and coaches in those studies yielded positive reactions to one or more of the above three questions. The other seven studies provided no information relevant to social validity.
DISCUSSION
With so few published experimental studies of the effects of psychological interventions on the directly and reliably measured behavior of athletes in competitions, generalizations can be offered only with caution. First, in 14 of the 15 studies, the interventions had a positive effect, and in 9 of those studies, the impact of the interventions was substantial. Second, in six of the seven studies that reported on individual performance of all participants, all but one participant showed improvement. Third, in six of the seven studies in which imagery was a component of the intervention, the intervention was successful. Fourth, all three studies involving goal-setting were successful. Fifth, five of the six studies that described interventions for basketball players reported improved game performance. Perhaps what is more obvious is what is missing. Only two studies (Kirchenbaum et al., 1982; Lee & Hewitt, 1987 ) compared different interventions. There are no experimental studies examining the effects of interventions on the directly and reliably measured competitive performance of athletes in many popular sports (e.g., baseball, track and field, golf, and all sports at the Winter Olympics except ice hockey). There are no such studies with national-level, internationallevel, and professional athletes. There are no demonstrations of positive effects of interventions on nontargeted behaviors with any athletes. Moreover, there are no demonstrations of durable follow-up effects of interventions.
Behaviorally oriented researchers have been studying athletic performance for approximately three decades. In 1969, Rushall and Pettinger described a comparison of several different reinforcement contingencies on the amount of swimming performed by members of an age-group swimming team. In 1972, Rushall and Siedentop launched behavioral sport psychology with the publication of their book The Development and Control of Behavior in Sport and Physical Education. Written within an operant conditioning framework, their book contained numerous practical strategies for shaping new sport skills, maintaining existing skills at high levels, and generalizing practice skills to competitive settings. Also, in 1972, Suinn applied a set of cognitive behavioral interventions to improve the competitive performance of a group of skilled skiers. So why, from the past three decades, are there so few experimental studies of psychological interventions on the directly and reliably measured behavior of athletes in competitions? There are several possible reasons. First, many sport skills are highly complex and the pace of play is very fast. This may make it difficult for observers to reliably detect dependent variables of concern to coaches and players during competitions. One solution to this problem is to videotape competitions and to score the dependent variables from videotapes at a later time, as was done by Kendall et al. (1990) , Swain and Jones (1995) , and Ward and Carnes (2002) . Another solution is to select outcome variables that are scored reliably as game statistics, such as was done in several of the studies in this review.
Second, many nonsport behavioral interventions include immediate feedback to participants as the target behavior occurs. However, it is usually not possible to stop the action in the middle of an athletic competition so that a practitioner can provide feedback to one of the athletes. One possible solution to this problem is to use interventions that can be practiced away from the competition, such as relaxation, self-instruction, and imagery, as described in several of the studies. Another possible solution to this problem is to provide delayed feedback, as reported by Komaki and Barnett (1977) and Swain and Jones (1995) . Another possible solution is to provide the athletes with cueing scripts, as reported by Hill and Borden (1995) .
A third reason for the dearth of research may stem from the fact that training programs for sport psychologists at universities typically involve instruction in groups research designs, rather than single-subject designs, and it may be difficult to conduct groups design research in this area. As described by Hrycaiko and Martin (1996) , with groups designs, it is often difficult to locate enough participants with the same performance problem to form different groups. Moreover, coaches and athletes may be resistant to a no-treatment control group. One solution to this problem is to ensure that the education of sport psychologists includes training in single-subject designs. Considering that experiments using single-subject designs typically include 3 to 5 participants, a researcher needs to locate only a few participants with the same performance problem to evaluate an intervention. Moreover, because all participants in a single-subject design receive the intervention at one time or another, an applied researcher is not faced with resistance of coaches and athletes to participation in a no-treatment control group. Finally, because single-subject designs rely on a replication logic rather than the sampling logic of the groups design approach (Smith, 1988) , they are not hampered by some of the assumptions required of groups designs.
A fourth possible reason for the dearth of research in this area may be that researchers who conducted experimental studies of psycho-logical interventions with athletes in competitive situations have obtained negative results and did not submit their research for publication. A solution to such a possibility is to urge researchers to submit negative results in this area for publication and to urge journal editors to publish such findings.
We offer several additional recommendations for future research in this area. First, we hope that more researchers will attend to the inclusion criteria described previously so that much more research will be conducted that consists of experimental evaluations of psychological interventions on the directly and reliably measured sport behavior of "real" athletes in "real" competitions. Second, quality experimental research is needed with a much broader range of participants-including participants in youth sports, national-and international-level athletes, and professional athletes-and across a wide variety of different sports. Third, future research in this area should compare the effects of different interventions. Fourth, future research needs to investigate strategies for programming generality, including the generalization of improved performance to new settings, the spread of improvement to nontargeted performance areas, and the maintenance of improvement over time. Fifth, studies using groups designs should report the number of participants in treatment groups for whom treatment effects were observed. Sixth, future research should include social validity assessments to evaluate the reactions of athletes and coaches to the interventions that are applied, and the results that are obtained.
As described in the introduction, increasing numbers of practitioners are applying interventions to attempt to improve the performance of athletes in competitions. What literature is available for such practitioners? First, there are a number of books on the market that contain many practical suggestions (e.g., Hardy, Jones, & Gould, 1996; Martin, 2003; Rushall, 1992; Weinberg & Gould, 2003; Williams, 2001 ). Second, the two studies that demonstrated generalization of improved athletic performance from practices to competitions (Komaki & Barnett, 1977; Ward & Carnes, 2002) give us some confidence in the potential generalizability of interventions that have so far been studied only for their effects on practice performance or mock competitions (for a review of such studies, see Martin & Tkachuk, 2000) . Third, there are a number of studies that met some, although not all, of the inclusion criteria for this review, and such studies have important heuristic value for expanding the knowledge base for practitioners to draw on when designing psychological interventions in sports. Examples of such studies include Daw and Burton (1994) , Fenker and Lambiotte (1987) , Hall and Erffmeyer, (1983) , Harle and Vickers (2001) , Heward (1978) , Heyman (1987) , Highlen and Bennett (1979) , Kirchenbaum and Bale (1980) , Lohr and Scogin (1998) , Maynard, Hemmings, and Warwick-Evans (1995) , Meyers and Schleser (1980) , Myers, Schleser, and Okwumabua (1982) , Mumford and Hall (1985) , Orlick and Partington (1988) , Silva (1982) , Suinn (1972) , Thelwell and Greenlees (2001) , and Weinberg et al. (1981) . However, if practitioners are to have empirically proven treatments at their disposal, more experimental studies of psychological interventions on the directly and reliably measured behavior of athletes in competitions are sorely needed.
